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INTRODUCTION 

This report covers the work accomplished by Vickers 
Incorporated under NASA Contract NAS 3-2550 during the month of 
November, 1962. The objectives of this program are to conduct an 
engineering study culminating in the design of an electrical power 
generation system operating on hydrogen and oxygen in a space environ- 
ment, and to conduct preliminary testing on critical system components. 

PROGRAM SCKEDULE 

The program schedule is shown in Fig, 1. The program plan 
for this project covering the entries of Fig, 1 was described in  the pro- 
gress report for July, 1962. 

The schedule shown in Fig. 1 w a s  revised December 1 
in order to reflect delays which have been experienced in the labrication 
of experimental hardware. Parts for this program are being given top 
priority ih the prototype shop in order to meet this revised schedule, 
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PARAMETRIC STUDIES 

During the past month analysis has been progressing in the 
areas of cylinder heat rejection, heat sink capacity of the propellants, 
and the effects of varying 02/H2 ratio. A Lunar Excursion Module adapt- 
ability study was  also undertaken. 

Heat Rejection Study 

Figure 2 is a graph of engine heat rejection (including 10% of 
the shaft power output fo r  electrical losses) and heat sink capacity of the 
hydrogen for various 02/H2 ratios. 

The following analytical methods were used to calculate the 
heat sink capacity of the hydrogen and the engine cylinder heat rejection. 

The equation fo r  heat sink capacity of the hydrogen expressed 
in  per  cent of shaft power is as follows: 

- 
3413 

Where WH is the flow rate of hydrogen in  lbs/hr, Cp is 
specific heat, A T is the change in hydrogen temperature from inlet to 
860’ R, (the assumed maximum cylinder %all temperature),, and the fac- 
tor  3413 converts BTU/hr to kw, 

2 

The engine cylinder heat rejection w a s  calculated by the fol- 
lowing equations: 

q - h  A T  
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Where h i s  the lm coefficient, K is thermal conductivity, 
/Q/ is viscosity, Mw is molecular weight and A T is the temperature dif- 
ferential between mean cycle temperature f Tm) and cylinder wall  tempera- 
ture. Previous analysis (Ref. PR 91565-430-3), on engine heat rejection 
estimates the cylinder heat rejection to be equivalent to 75% of the shaft 
power output at an 0 2 / H 2  ratio of 211. Heat rejection was calculated for  
various 0 z / H 2  ratios and then compared to the value calculated for 
0 2 / H 2  = 2/1. The total power system heat rejection is the engine heat 
rejection plus 10% of the shaft power output (to approximate electrical 
losses). The heat sink available from the hydrogen is shown for two dif- 
ferent temperatures, To :Z 45’ R and To :: 150‘ R, These temperatures 
represent storage temperature a t  the beginning and the end of the mission 
i n  supercritical tanks, 

For  a mixture ratio of 2/1, the SPU heat rejection is 85% of 
the shaft output power and the hydrogen at an initial temperature of 150’ R 
can absorb 34% of the shaft power, This leaves heat equivalent to 51% of 
the shaft power to be radiated into space by a radiator. For  this program 
only a cursory investigation of radiators and coollng systems can be made 
and a detailed analysis will be required in a future program. An interest- 
ing result also shown in Figure 2 is that at 0 2 / H z  3 1,24/1,  all sf the 
heat rejected by the 3PU can be absorbed by the hydrogen at 150 R amd no 
radiator would be required, 

Effect of Mixture Ratio on BSPC 

The effects on performance of operating at  various 02, .H2 ratios 
are presented, Since the quantity BSPC (RT,) 1s a function of valve t im- 
ing, BMEP, and engine geometry primarily, i t  can be regarded as a cm-  
stant independent of fluid properties, i f  the variation of specific heat ratio 
.v is not appreciable, Therefore BSPC - 2  BSPC(RT,) 

R’FC 

4 



Fig. 2 
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Fig. 3 
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The variation of molecular weight? Tc and rnlrnimlrm BSPC with mixture 
ratio for regenerated hydrogen/oxygen cycles are shown in Figure 3, 
The parameters that are affected the most by changes in 02/H2 ratio are 
operating temperatures, heat rejection, radiator sizes, and propellant 
tank weight, rather than BSPC, 

Mfssfon Adaptability Studv 

An adaptability study for the Lunar Excursion Module using 
Grumman's power profile w a s  conducted, The ground rules and assump- 
tions for the enghe  were the same as those made for the "Earth-to-Lunar 
Landing Mpssionvv. It w a s  assumed that all the prDpellant was stored at 
supercritical pressure with the hydrogen at 300 psi  and the oxygen at  
1000 psi, The Grumman power profile was  integrated. The average 
power for 49,5 hours was  found to be 480 watts with 900 watt peaks, To 
meet this power requirement erficiently the enghe  displacement must be 
reduced to .83 cu. in, With a hybrid power modulation system and 
02& .: 2/1 the following propellant and tank weights wauld be neces- 
sary,  These weights include 10% urnusable residual propellants, 

H2 
0 2  

TOTAL 

55 lbs. 
I-- 28 lbs, 

44,8 lbs, 
5.6 lbs, _-- 

84 lbs. -% 50,4 lbs, -1 134,4 lbs. 
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---- COMPONENT DESIGN STUDIES 

The scope of the overall stGdy effort was  described hi last  
month's progress report, This effort has been somewhat curtailed due 
to a reallocation of funds. The effort ths month has been concentrated 
on a flight engine design study and supporting analysis. A sketch of the 
flight engine w ~ l l  be available next month, 

Flight EnnPne ConfiguratLj. 

The flight engine will operate at a hydrogen inlet pressure 
of 300 psi  and a mmmurn  combustion pressure of 900 psi, using the 
cycle selected in the parametric studies condwted in  ths program, and 
presented in last month's progress report, T h s  low hydrogen inlet p res -  
sure  permits the use of a single stage hydrogen compressor. I t  is 
planned to incorporate thls campressor into the crankcase as an integral 
par t  of the engine, The cornpressor piston will be apposed to the power 
piston of the engine, aeting as a dynamic balancer during engine operation. 
For a discussion of this balmclng method see Reference 2, 

An oxygen injector similar to the present design NASA 

Hydrox test engine injector and driven from cams located ori the crank ~ 

shaft will  be used, The proposed hydrogen valve w i l l  be of similar c3n- 
struction, using a spring €or closing rather than a torsional seal tkbe 
since hermetic sealing is not necessary, Such a valve meeharhsm can 
be lubricated by an oil mist  rather than by the pressurized oil supply 
necessary for conventional valve guides, thereby simplifying 011 control 

Q "  1-- I--- -L*-i-- ne- 901 hwrlr-rron 9Am.rqqlnn - power coniroi will  ut: uy p l a 3 ~ 1 ~  ,PA uLll y N  a x J - A  -- ____--__-- 

to a 5% admission through a helical spline which moves the a m  axially 
along the crankshaft. changing the orientahon relative to the crankthrow, 
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Throttling below this level by the use of a variable lift mechanism and/or 
a movable restriction in the flow line is being considered. Variable lift 
can be accomplished by a variable ratio rocker a rm controlled by the 
same control rod which handles the phase shifting mechamsm, All these 
controls will be mounted compactly along the crankshaft, in a wel l  lubri- 
cated region of moderate and controlled temperature. 

Flight Engine Analvsis 

dome preliminary bearing loads and valve flow calculations 
have been completed and are shown in Figures 4 through 9. The methods 
of Reference 1 were used to calculate the main bearing loads and the con- 
necting rod force and piston side force at 2% and 5% admission, The re- 
sults are shown Bn Figures 4 through 7,  A reciprocating mass of 0 - 5  lb. 

assumed. Gas inlet pressures  of 300 psi  and peak combustion pressure 
of 900 psi, without throttling, determined the gas loads, An L/R ratio 
of 4,O was assumed. 

i n  an engine of 23 77 in 3 displacement (1.50'  bore x 1.57" stroke) were 

Inlet hydrogen valve flow is shown in Figure 8,  A 30" valve 
duration following a sinusoidal lift curve, with a valve head diameter of 

s ize  is adequate for full admission, However, i t  poses a problem f3r 
variable - lift throttling, if this is consldered. 

16 in, and a lift of - 040 in. was assumed, It can be seen that thrs valve 

A poppet exhaust valve is under consideration for the flight 
engine. Although this valve will add to the overall complexity of the 
engine, it has several advantages which a r e  enumerated below: 

1, More positive expulsion of exhaust gases, with 
lower compression work. Since recompression 
Ps not needed, the valve may be left open unkl 

9 



21w 
150" 160' 

170" 
190" 

160. 
200" 

150. 
210. 



220' 
140' 

230 
130 

240 
120 

2M 
1 IO 

26c 
IOC 

27( 
9( 

2w: w: 

m 
74 

30 u 

311 
a 

e 32 
4 

1W 
2200 

IW 
230' 

120" 
240" 

1 IO' 
250" 

loo" 
260' 

90" 
2700 

: w  .m0 
1 

; 70" 
.290" 
1 

1 

600 
Moo 

7 

.e 

400 
3m 

1 

11 



12 



13 



14 



nearly top center, The long duration gives 
moderate valve dynamic loads, 

2 ,  Much better oil control. The circle of ports 
on the present Hydrox engine may be partially 
responsible for the loss of considerable oil 
through the pumping action of the piston rings, 

3. More flexibility fn  the design of the cooling 
jacket and lower heat rejection to the coolant. 
Also a more uniform wall temperature is pos- 
sible, with less distortion of the cylinder bore, 

The poppet exhaust valve was  sfzed for minimum flow re  - 
striction and a reasonable diameter using the methods in Reference 1, 
A side valve configuration is considered. Due to the long opening duration 
valve dynamic loads are  very low, Valve flow in terms of cylinder pres-  
sure  is shown in Figure 9 for the recommended minimum valve size. 

15 
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CONTROLS 

I 

. 

I. Engine Controlconfiguration Analvsis and Design 

Analysis of design requirements 1s being concentrated on the 
control configuration shown in Fig, 7 of the October Progress  Report, 
with the introduction of one new design concept. This is the concept of 
power modulation using variable lift poppet valves Pn lieu of throttling 
valves. Much work remains to determine the possibility oi the methods 
proposed, From the standpoint of generating system control require - 
ments, the valve flow requirements may be determined and applied to 
wNchever mechanism proves most  feasible, 

A brief set of requirements for the system is shown in 
Table I. The computer block diagram which w a s  used in  generating 
these requirements is included as Figure 11. This block diagram deline- 
ates the general form of the system, and specifically relates the various 
requirements included to the system hardware representation. These 
requirements are based on meeting transient performance in  response 
to - 87 kw step load inputs. 

A summary of valve requirements (Table II) is also inchided 
This list does not include the poppet valves which are an integral part  of 
the engine o r  compressor. Location of these valves can be best accom- 
pushed by referring to Fig, 7, October Progress  Report, 

11, &stem Performance 

Figure 10 is included to show system performance for the 
speed control loop with nominal values of gain, compensation, etc. The 
system meets the required response, and a small amplitude limit cycle 
is exhibited. This is primarily due to valve mechanism freeplay. Unless 
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the amplitude of this limit cycle proves undesirable, measures  to cor- 
rect  i t  do not seem necessary. The amplitude is quite likely to be much 
less than shown, since the accuracy of the valve mechanism will  proba- 
bly be much better than the relatively loose requirements which were 
assumed e 

III, Final Phase of Study 

The study will  be f ina llzed next month. In finalizing the 
study, effort will be devoted to obtainfng and reducing data on the final 
system and examining hardware concepts. 
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TARLE I 

Summarv of Design Reaulrements: 
b 

Note: System requirements are based upon 44.5 units 
of controller output to give 100 percent power under 
most critical set  of operating characteristics. 

Actuator Requirements (Mametic Particle Clutch Assumed): 

Rate: 6000 rpm Generator 
4000 rpm Generator 

85 Units/Sec. Minimum, Max. 
40 Units/Sec. Minimum, Max. 

Force in Excess of Breakouk 
(Based upon .017 lb-sec. 2 /in. mass) 10 lbs, 

Amplifier and Clutch Gain: 
(Based upon .017 lb-sec. 2 /in, ) 

Breakout Force Minimum Gain 
- a *  

(K3L-$ 1 lbs/unit/sec. 
L’S * 60 lbs, 20.0 

f 50 lbs. 17.5 
* 40 Ibs, 15.0 
* 20 lbs. 7.5 
* 10 lbs. 4,O 

F o r  Feedback Gain: 1 r: K5 

Valve Positionine: Jvstem Accuracv: 

Maximum Mechanism Freeplay, * 4.5% smaller valves very 
desirable, (Or about f 2 units) 

f 
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TABLE I - CONTINUED 

ComDensation Requirements: 

r\c 

bb1S-d  gives satisfactory compensation 
j .-s ; . 9 S + 1  where 2'1 = 30 > 1 2 .167 sec. 

- - Y  

? 2 2': 0208 sec. o r  less 

Tachometer and AmDlifPer Gain (K1 x KO 1: 

1 Units/sec/rpm for 6000 rpm system generator 
3 Units/sec/rpm €or 4000 rpm system generator 

Gain variations up to 2 times nominal gain o r  down 
to 6 times nominal gain can be tolerated. 

Tachometer and Reference AceuracK 

Steady state accuracy, less than "25% for all conditions. 

Ripple - must be kept to a minimum under 60 cps. 

Mixture Ratio Control Requirements: 

Thermostatic actuator gain, K6 . l  unit -F 
,05 unitsPF to . 5  unit 'F _I acceptable 

Time Constant 
Sec, f . 5  sec, 

Accuracy 
Sufficient force for mechanism breakout 

for 15' temperature e r r o r  e 

Valve Reauirements - See Chart 
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. 
ELECTRfCAL COMPONENTS 

Work accomplished in November consisted of investigating 
cooling methods of the alternator and the associated voltage regulator. 
One promising cooling method is by operating the rotating elements in 
an atmosphere of hydrogen at 5 to 7 psi absolute pressure and between 
-70 and -60” Centigrade. 

The temperature of the hydrogen coolant has been selected 
on the basis of the saturation resistance and forward conduction charac- 
terist ics of solid state rectifiers used within the coolant atmosphere in 
the rotating elements of a “brushless” alternator. 

A hydrogen gas - incoming high pressure hydrogen heat ex- 
changer incorporated into the structure of the alternator has been pro- 
posed as a cooling system, Hydrogen coolant pressure will  be main- 
tained against shaft seal leakage by a pressure regulator using bleed off 
from the hydrogen propellant line. 

A final decision on alternator cooling must be based on over- 
all system cooling requirements, and on obtaining the best possible use 
of incoming propellant heat capacity and temperature 

. 
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RELIABILITY 

During November, the survey of major engine manufacturers 
w a s  continued. Letters were sent to the Army Corps, of Engineers, 
Ft, Belvoir, Virginia, and the Lyeoming Engine Corporation, Strafford, 
Connecticut, requesting failure rate information for small reciprocating 
engfnes, No new information has been received from the companies 
previously contacted. 

Because of the limited amount of time allotted to Reliability 
Engineering in  thfs program? i t  is expected that most of the remaining 
effort will be accomplished in  the latter part  of the program when the 
system design has been more firmly established, 

25 



. 
EXPERIMENTAL OXYGEN/INJECTOR 

I, Design - Complete 

II. Detailing - Complete 

III, Fabrication and Procurement 

Fabrication of the Experimental Oxygenfinjector is approxi- 
mately 75% complete, The current estimated completion date is 
December 16, 1962, 

IV. Facilities 

The 0 2  Injector test stand is complete except for the addition 
of a resistance heater, The heat circult is shown schematically in  
Figure 12,  The complete test circuit is mounted on a portable car t  as 
shown in Figure 13 (photograph). 

V, Test on Nitrogen 

The currently planned tests on nitrogen are as follows: 

A. Leakage - The valve wil l  be checked for external leakage 
and leakage between the poppet and seat, This test wil l  be 
performed d u r h g  assembly, 

B, Functional and Mean Flow Tests - The valve will be driven 
at 67 cycles per second (equivalent to 4,000 rpm engfne 
speed) while Pnlet pressure is varied from 500 to 1500 psi. 
Test data wlll be reduced to mean flow vs. pressure drop, 

C. Flow vs. Valve Lift - The valve wil l  be tested to determine 
flow coefficient variation wPth Ilft 

26 
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The purpose 01 these tests is to d e t e r m i x  the desiggn and 
material compatibriity with oxygen. The currently planned tests on 
oxygen a r e  as follows: 

A, The valve w f l l  be run tor several hours at 67 cps with ambient 
temperature oxygen, while the h l e t  pressure is varied between zero 
and 1500 psi, 

B, Test A will be repeated wWe the irrjector body is heated 
e l e c t r l c a ~ ~ y ,  

Dur'ing both tests. the iLijector w i l l  be periodically disassembled? 
irAs pe c- t ed , and c r i t i c  a1 c o rnpofie D t s photog raphe d 
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EXPEHMENTAL COMPRESSOR 

I. Design - Complete 

I1 De tailing - Complete 

I I I Fabric ation 

Fabric ation of the Experimental Compressor is approximately 
9% complete. The current estimated completed date is December 2,  1962. 

I V .  Assembly and Bench Checkout 

Assembly of the compressor is in  progress. The Inlet and outlet 
valves have been assembled into both the f i r s t  and second stage head as- 
semblies and the poppet and seats have been lap fitted, The head assem- 
blies are to the right and left In the photograph of compressor components 
shown in Figure 14. The compressor body is also shown, 

V, Test Facilltics 

The compressor test facilities are approximately 80% complete. 
The photograph shown in  Figure 15 was  taken inside the test shed which is 
next to the control room wall. The stand in the middle of the picture holds 
the compressor test stand, the hydraulic drive motor, the compressor 
drive leakage, speed pickup, torque pickup, and flywheel, The nitrogen 
dewar which will  hold the liquid nltrogen to cool the incoming hydrogen is 
i n  the lower left hand corner of the photo. 

VI. Currentlv Planned Preliminarv Tests on Nitrogen 

During these tests both the compressor and test set-up will  be 
checked for: function, mechanical integrity, and unanticipated internal and 
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I external leakage, The compressor will be run-in, and motoring torque 
vs, speed data will be taken, U deemed necessary, the compressor will 
be disassembled, inspected, and adjustment and repairs will be made. 

VII. Performance Tests With Hvdrogen (Currentlv Planned) 

A, Leakage: Both the compressor and test set-up will be checked 
for leakage. 

B, Design Performance: Test runs wil l  be made with flow rates of 
106, 75%, 5 4 ,  and 25% of maximum rated flow (out) where 
maximum is 1.41 Ibs/hr, with, - 

Speed 2: 4000 rpm 
Discharge Pressure - 1200 psla 
The Inlet Pressure varied to determetne flow rate 

Sufficient data will be taken to determine efficiency and the 
power requirements 

C, Flight Design Pertbrmance:: The second stage will be by- 
passed and the clearame volume of the first stage will be 
adjusted (wi th  spacer) to deliver a discharge pressure of 
300 psi, Test B w i l l  be repeated. Material selection will 
be verified during testing. Parts will be examined for wear, 
gallirg, pitting, ete. Two different material piston rhgs 
will be run, 
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EXPERIMENTAL ENGINE 

I, Design . FPnished 

fl[, Detailing -. Firfished 

Fabrication of the experimental engine is approximately 
75 percent complete. The currently estimated compleuon date is 
December 23, IS62 

A m u ;  test type cyErn?der head has been designed and re ~ 

leased for fidrication. This cylinder head has a port which will 
accept a s tmdard Photocon balanced pressure pick-up arid cooling 
adapter. This &pproacfi w a s  taken because of suitdble staridard 
pick ups could iiot be fomd which would f i t  eke enstang 10 mm 
pick up port, and, because of the experse did uccertainty of fab- 
rication time required to acquire a special pick- up, 

W ,  Test Fac i l i t i e~  

For  reasoris of economy am;d sched~lirig. rt has been de- 
cided to use the existing Vfckers eng;ne test star,d [this s tmd  p r e l  
viowsly used for testhig the ASD Hydrox mgirue), TMs fhcill-lty is 
essentially complete for the purposes of this program except for a 
new strain gage torqw lOdd cell  (of lower range and greater 
accuracy than the existirrg one) and a mews of t&rg b d m c e d  
pressure indicator diaphragm data3 l t  has not yet been decide8 
whether an American Instrrzment recorder %?ll be used o r  the point 
by point procedure employed. 
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V , Prelinrhary Tests (Currently Pldzxd) 

Should fabrication of the regenerator be completed before 
the fabrication of the N F S A  engine, the ASD engine (now available) 
may be used as an exhaust gas source for preliminary regenerator 
tests, Should the N F S A  02-Injector be available before the NASA 
engine, the ASD engine will t e  modified to use the NASA O2 Injector. 

Tests can be run, in conjunction with analysis, to deter- 
mine what phase relation between the two hydrogen poppets of the 
test ecgine, and what inlet pressure should be useu to simulate the 
flow ly s time characteristics of the s k g l e  hydrogen poppet flight 
design engine Oscilloscope indicator diagrams will be thksn. 

When both the NASA engine and the O2 Injector are avail- 
able the engine w i l l  be functionally checked out and the design 
improve ments ver3fTed 

Steady state performance tests w i l l  be r u ~ l  to determine 
friction, heat rejection SPC, combteust~or; chdraeterisucs. arid to 
obtain balmced pressure fcdfc ator diagrmis at differerd power 
levels 

Power kwks will be set by adjusthug sa lvhg  arid M e t  

pressure to simulate the variable phasicg er,gPx cycle resulting 
from the flight engine cycle wLalysis 
gen wt11 be rm using the regenerator, Gsciiiuscupe iidfcatcjr 
diagrams will be taken simultarieously w i t h  balanced dfkphragm 
indicator diagrams. These diagrams wnll be dccompanied with 
oscilloscope diagrams obtained using the insulated cylinder head, 

Tests with preheded hydro- 
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If time permits a Quartz cylinder head and mirror  w 
be used to visually evaluate the effects of oxygen injection angle 

1 

upon mixing and combustion gas swirl, Different oxygen injector 
jets wil l  be tested to determine the best angle for minimum swirl 
(to reduce heat rejection) and best mixing. 

I 
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EXPERIMENTAL REGENERATOR 

I. Design and II. D e t a i l m  

The analysis, design study, assembly drawing, and detail 
drawings have been completed for both the extended surface and prime 
surface configuration of the exhaust gas to hydrogen regenerator. The 
extended surface configuration was described in Progress  Report 
PR 91565-430-4 for the month of October, 1962. 

The working drawing (combined detail and assembly) of the 
prime surface configuration is s h w n  in Figure 16. The analysis upon 
which the prime surface design is based is in  Appendix A. The prime 
surface regenerator consists of two concentric, cylindrical stainless 
steel shells; five (5) concentric coils of 1/4 in. O.D., .016 in. wall, 
stainless steel hydrogen tubes (filling the annular space between the 
two concentric shells); an exhaust gas inlet duct with connection 
flange; an exhaust gas outlet duct; two identical hydrogen tube mani- 
folds; and twenty-one (21) thermocouples. 

Each of the hydrogen coils have 40 turns. The concentric 
spacing of the coils is maintained by 1/16 in. diameter rods spaced 
1200 apart. The pitch of the coils and the pitch relationship between 
the coils is maintained by copper strips inserted into the space between 
the coils a t  an angle with the axis. The copper s t r ips  each have four 
holes t;irough which the concentricity spacer rods are passed. All  
connections of the hydrogen tubes are heliarc welded. The outside 
shell is provided with a window at the cold end for visual inspection 
of ici!gs 
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Thermocouples are provided for: 

H2 outlet temperature 
Exhaust gas inlet temperature 
Middle H2 tube wall temperature at the hot end 
Outside H2 tube wall temperature at the center of 

Middle H2 tube wall temperature at the center 
Inside H2 tube wall temperature at the center 
Exhaust gas temperature at two locations at the 

center of the regenerator 
Middle H2 tube wall temperature at the cold end of 

the regenerator 
Exhaust g'as outlet temperature 
H2 outlet temperature 

the regenerator 

Each of the H2 wall temperature thermocouples will have two 
back-up (i. e. a total of three (3) couples at each desired temperature 
location). The regenerator will be packed in suitable insulation dur- 
ing testing 

I 

IlI, Fabrication and Procurement. and IV, Assemblv Check-out 

Fixed price m d  fakrication time qkotation have been received 
for both the extended surface and prime surface regenerator configur- 
ations. The prime surface configuration was selected for fabrication 
because it was considerably less expensivep required less fabrication 
time and is more compact than the extended surface configuration. 

A purchase order was given to Sanderson Aircraft C o ,  , 
2210 S. Prairie Avenue, Hzx7thorne, Calfforda for  one (1) prime sur -  
face regenerator per Vickers' design on November 28, 1962, 
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Sanderson Aircraft has promised delivery three weeks after receipt 
of order. 

Vickers will supply all thermocouples. The H2 tube wall 
thermocouples which w%ll have pre-welded junctions and which will 
be brazed to the H2 tubes will be inspected by Vickers during 
mse mb ly 

V. Test Facilities 

The planned regenerator set-up is shown schematically in  
Figure 17. The regenerator wL11 be run in  closed circuit with engine. 
The existing facilities of the engine test cell will be used exten- 
sively. The additional set-up required consists of the following: 

1. Plumbing on insulated line from the liquid 
r-trogen source to the engine cell. 

2,  Fabricating mHZ cooler consisting of a 
stainless steel  coil immersed inl a stainless 
steel purchased vacuum Dewar (to contain 
the LN2)- 

3.  Plumbing irsulated stainless steel line 
with helfarc welded joints from the cooler 
to the hydrogerr inlet port of the regenerator. 

4 a Constructing an insulated manifold connecting 
the regenerator to the engine exhaust port. 

n - - - A - - - - - a - -  - mnrr~fnlrl r n r a n e p t % w a  +he re- i). LU1;ac1 U L L L U ~  a LLLCULYW~U W Y . L - L - - . . ~ - - ~  _--- 
generator to the engine hydrogen inlet port, 
This manifold will be made to simulate the 
length and volume of the hydrogen side of 
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I .  
the hydrogen to oxygen heat exchanger de-, 
scribed in  Progress Report PR 91565-430-4 
for the month of October, 1962. During 
initial testing this manifold can be run with- 
out insulation so that the engine will not be 
exposed to the high hydrogen gas tempera- 
ture prematurely. 

6. Insulating the regenerator. 

7. Connecting the thermocouple to read out 
ins tr urnenfation 

VI,  Prelfminarv Testing I 

Proof pressure and le-&age testing of the regenerator will 
be performed by Sanderson Aircraft C o ,  to Vickers satisfaction dur- 
ing fabrication, 

VII. Performance Tests (Currentlv Plrwined) 

A. Pressure  drop tests will be run with ambient nitrogen 
before the regenerator is installed in  the test set-up. 
Pressure  drop vs,  flow data will be taken for different 
hydrogen exit pressures (particularly 300 psia and 
1200 psia). This data will be converted to plots of 
curves of pressure drop vs, flow for hydrogen at various 
pressures.  

B. Heat Transfer Tests - The regenerator test will be run 
in  conjunction with engine test. Various flow rates and 
pressure leve!s will be run as compatible with engine 
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testing. The exhaust gas flow rate and composition will 
be calculated from the oxygen and hydrogen flow rates. 
The calculation will be checked by analysis of the ex- 

haust gas if time permits. Sufficient temperature data 
will be taken to determine the hot end and cold end approach 
temperatures, and to calculate the film coefficients at each 
end and the middle of the regenerator. 

Visual data of ice build-up and for evidence of contamination 
due to engine lubrication will be taken. 
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FUTURE PLANS 

The parametric studies and control system studies will be 
completed during the next report period. Testing will begin on the 
hydrogen compressor and the regenerator. 
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